Via the guiding of linearly polarized lights, multi-step and multifunctional optical manipulations on the growth of Au NWs from the geometrically orientated attachment (OA) and 3D self-assembly of the primary, secondary, tertiary and even higher-order building units seem to accomplish efficiently. Moreover, the successive recrystallization annealing of mesocrystals plays a crucial role in the process of single-crystalline Au NWs through the plasmon-mediated photothermal effect. Two types of Au NRs were prepared; the first type with LSPR at 795 nm (AR= 4.18), and the second type at 859 nm (AR= 6.5). Figure S1 and S2 show different Au NWs with pentagonal and tetragonal cross sections, respectively. Figure S3 shows the FE-SEM images of polycrystalline mesocrystals for the cases without sufficient post heat
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